Aims: Overseas studies have shown equivalent sensitivity and specificity between computer-assisted screening and manual screening, with increased screener productivity. This study was undertaken to test these in a New Zealand laboratory setting. Methods: A total of 9232 slides were read manually alone, and following ThinPrep Imager-assisted screening, and the results compared. Two senior screeners and a cytopathologist reviewed the slides with discordant results. Results: The detection rate for abnormalities was 7.30% for Imager-assisted screening and 7.83% for manual screening. The concordance in diagnosis of abnormalities ranged from 72.7% to 100% with the lowest concordance for high-grade abnormalities diagnosed by Imager-assisted screening. The rate of unsatisfactory smears with Imager-assisted screening is half that of manual screening. There was a screener productivity increase of 140%. In all but one case, abnormal cells were identified by the Imager but screeners varied in their interpretations. Conclusions: Overall, Imager-assisted screening was as sensitive as manual screening, and more sensitive for highgrade lesions, with a halving of the rate of unsatisfactory smears. In the setting of the New Zealand cervical screening program, the initial screen by the Imager removes the need for a second, rapid rescreen required by the program for manual screening.
INTRODUCTION
Screening for cervical cancer by microscopic examination of a smear sample spread directly onto a slide (conventional smear) has been in practice for several decades and until recently had remained largely unchanged. The screening of conventional smears is relatively insensitive, with only a reported 50% pickup rate of abnormalities for each smear sample. Liquid-based cytology was developed to address some of the inherent difficulties resulting from the presence of blood, mucus and cellular debris.
A further development became available in 2003 with the introduction of computerised ThinPrep Imager (TPI; Hologic, USA) assisted screening, which operates on the principle of a highly standardised stoichiometric stain which stains nuclei with varying intensity depending on DNA content. The Imager scans the slide and marks 22 fields of vision (FOV) with the most densely stained nuclei. A screener assesses these fields and if no abnormal cells are identified, the slide is reported as normal. The presence of abnormal cells in any of the FOV would trigger a full screen and progress to further assessment.
The adoption of automated screening is a significant departure from manual screening and several reports which compare the two methods found equivalent sensitivity with a higher detection rate for high grade abnormalities with automated screening. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] One finding that is consistent in most studies, if not all, is the significant increase in productivity, in many cases in the order of 100%.
The New Zealand cervical cancer screening program (NCSP) was established in 1991. 11 Between 1991 and 2000, the mortality from this cancer was reduced by 45.7%. 12 The screening process in this country follows strict guidelines, which are influenced by the relative insensitivity inherent in manual screening. An initial (primary) screener screens a smear, which is again assessed by a second screener who performs a rapid review (rapid reviewer). If no abnormality is detected by either screener, the smear is reported as normal. If an abnormality is detected by either screener, the smear is assessed by another senior scientist (collator) who performs a full screen, prior to referring the material to a cytopathologist for final reporting. Specific follow-up recommendations established by the NCSP accompany each smear (NCSP guidelines).
Thus, in the NZ cervical cancer screening program, a minimum of two screeners assess a smear if it is regarded as normal, while a smear with an abnormality is assessed by a total of four trained personnel.
The advent of automated screening presented the possibility of reducing the initial manual screeners from two to one, with the Imager performing the role of primary screener, while another screener assesses the 22 FOV.
The potential for reducing the staffing requirements for screeners while maintaining the same standards in screening was a critically important issue in light of the difficulty most laboratories experience in recruiting skilled screener staff, and the funding constraints that NZ laboratories were experiencing.
Our laboratory, Diagnostic Medlab (DML), processes about 130 000 cervical smears annually. Prior to 1 July 2009, when DML converted to 100% liquid-based cytology (LBC), about 40% were ThinPrep liquid-based samples. With up to 60 000 LBC samples a year, and an average of 10 years of experience among screeners in assessing ThinPrep samples, DML was in a 
AIMS AND OBJECTIVES
The objectives of this study were three-fold. The first was to investigate concordance of TPI-assisted screening and manual screening of the same LBC samples in the setting of our laboratory. The second was to determine if automated screening could be successfully adapted to the specific Operational Policy and Quality Standards (OP&QS) set out by the NCSP. 13 The third objective was to study the potential productivity gains of automated screening and, in line with this productivity, whether there were any ergonomic issues resulting from working with automation.
MATERIALS AND METHODS
As this study conforms to the standards established by the National Health and Medical Research Council (NHMRC) for ethical quality review, 14 ethics committee approval was not sought.
Prior to the utilisation of the TPI system, a two-step validation process was undertaken, according to guidelines established for ThinPrep Stain validation 15 and the TPI System (TPIS) validation. 16 For the first step, a total of 100 consecutive slides with a wide range of diagnoses including inflammatory and specific infections, low grade and high grade intraepithelial lesions, abnormal squamous cells of uncertain significance, squamous and adenocarcinomas were stained with the ThinPrep stain, screened, and compared with the original diagnoses utilising the standard laboratory PAP stain. All screeners were blinded to the original diagnoses.
For the TPIS validation protocol, the same 100 slides were processed by the Imager and reviewed by a screener viewing the 22 FOV. This involved placing the slide on the review scope, which read the unique numeric identifier, with appropriate aligning of the fiducial markings present on each slide, which prompted the Imager to retrieve the coordinates of the 22 FOV. If no abnormalities were detected upon screening all FOV, the slide was signed out as normal. The detection of any abnormalities resulted in a full review, which was performed by a senior screener, using his/her own light microscope or the review scope.
All DML screeners and cytopathologists underwent training to read the stoichiometric stain required for LBC samples processed by the TPI. Technical staff was also trained in the highly standardised stain used in these samples. Six screeners of varying years of experience were trained in the screening of slides that were processed by the Imager and to screen these using the review microscopes.
All ThinPrep samples that were registered in the laboratory over a period of about 3 months from July to October 2008 were used for the study. These slides were stained with the standardised TPI stain and were processed through the TPIS. The slides were then screened manually in compliance with the NCSP OP&QS, using the standard procedure: primary screening, rapid review and reported as normal if no abnormalities were detected. A full rescreen by a senior screener was performed if there was an abnormality, and the slides referred to a cytopathologist for final reporting. Full rescreens were also performed on all cases where the risk of abnormality was known to be higher than that of the total screening population, where a full review is required by the OP&QS. These were smears from women with previous abnormal smears, suspicious clinical conditions, abnormal bleeding, observed cervical abnormalities, or women with immunosuppression. Cervical smears taken at sexually transmitted infection, colposcopy and oncology clinics, and unsatisfactory smears also require a full rescreen.
Following manual screening and reporting, the slides were cleaned of all screeners' marks, and read by the six screeners trained to use the review scopes. All screeners were blinded to the original reports. The Imager-screened slides were usually read a few days after the original manual reading. A screener looked at the 22 FOV identified by the Imager. If all FOV were normal, the slide was reported as normal with no further review. If any FOV showed an abnormality, the slide was fully rescreened by a second, senior screener, who then referred this to the cytopathologist for final reporting. This pattern of screening yielded two separate sets of results for Imager-assisted screening and manual screening for comparison at the conclusion of the study.
Slides that were processed and rejected by the Imager were manually screened and these were excluded from the study. In these cases, the Imager generated a report, providing information for the rejection. Additionally, each screener using Imager-assisted screening recorded the number of slides screened and the hours taken to screen these, and any ergonomic issues encountered.
All cytology reports were issued using the 2001 Bethesda System. Only reports generated by manual screening were reported to the NCSP.
Two senior scientists and a cytopathologist reviewed the slides that had discordant results. The reviews were conducted independently and then as a panel to reach a consensus. The reviews determined (1) if abnormal cells were detected and marked by the Imager and (2) the cytological diagnosis, applying standard morphological criteria.
For the final assessment of discordant diagnosis rates between Imagerassisted and manual screening, similar diagnoses that carry the same followup and management recommendations were regarded as concordant. Atypical squamous cells, possible high grade (ASH) was ranked similar to high grade squamous lesion, cervical intraepithelial neoplasia 2 or 3 (HS1), as both carry a recommendation for colposcopy; low grade squamous intraepithelial lesion (LS) was ranked similar to atypical squamous cells of undetermined significance (ASL), which prior to the review in guidelines resulted in a recommendation for a review in 6 months; and low grade squamous lesion with possible high grade lesion (LS/ASH) was ranked similar to HS1, both resulting in a recommendation for colposcopy.
The final discordant results were calculated after excluding these similar results in each category.
Results are discussed in four categories: Category 1, LS by TPI compared with ASH or HS1 by manual screening; Category 2, ASH or HS1 by TPI compared with LS by manual screening; Category 3, ASL by TPI compared with ASH/HS1 by manual screening; and Category 4: normal/inflammatory smears by TPI compared with any abnormal by manual screening. The results of the reviewers' evaluation are discussed.
Category 4 indicates an overall pick-up rate for abnormalities between the two arms of the study. Categories 1, 2 and 3 reflect the discordance of grade of abnormality where abnormalities were identified in both arms of the study.
RESULTS
The total number of cases available for reading by the TPI was 9455. Of these, 223 slides (2.4%) were rejected by the TPI and were read manually, disqualifying these from the study. A final total of 9232 slides were read successfully (Table 1) .
Of these, 674 (7.3%) were identified as abnormal by TPIassisted screening. An additional 49 cases were identified as abnormal by manual screening (7.8%). These abnormalities are summarised in Table 2 and detailed in Table 3 , category 4.
Where an abnormality was detected in both arms of the study, in a proportion of the cases there was discordance in the interpretation of the type of abnormality, which is detailed in categories 1, 2, 3 (Table 3) .
In category 1 (TPI LS versus manual ASH or HS1), reviewers agreed that six of the 10 cases fulfilled the cytological criteria for LS. The remaining four cases were considered possible high grade lesions (ASH or HS1).
In category 2 (TPI ASH/HS1 versus manual LS), reviewers identified all nine cases as being high grade lesions (either ASH or HS1). In category 3 (TPI ASL versus manual ASH/HS1), reviewers agreed that four of seven cases were normal, one was an ASL and one was an ASH. One case could not be reviewed as the case slide was missing.
In category 4 (TPI normal versus manual abnormalities), the reviewers agreed that 38 of the total 49 cases were normal/ inflammatory. The remainder were categorised as ASL (3) One case was interpreted by Imager-assisted screening as normal, but manual screening identified a single group of degenerate glandular cells that was reported as endocervical adenocarcinoma (AC4), subsequently confirmed by histology. This group of cells was not identified by the Imager. Four cases were not available for panel review.
In New Zealand, an adequacy code is used to denote the presence (S1) or absence (S2) of endocervical cells. TPI screening identified 719 cases as S2, against 537 by manual screening.
The number of smears showing insufficient numbers of squamous cells (unsatisfactory smears) by manual screening was 155 (1.68%) compared to 76 (0.82%) by TPI screening.
On an average day and using manual screening, a screener could comfortably screen about 50 ThinPrep slides as well as perform the usual laboratory duties required of them. Using the Imager, the range of slides the screeners were able to process per day was 86 -140.6 with an average 120. This did not include screening slides that required a full rescreen, which was performed by a second screener.
No ergonomic issues were reported specific to the use of Imager-assisted screening.
DISCUSSION
In the study, 223 (2.4%) were labelled 'imaging not successful' by the TPIS. To enable the successful imaging of a slide, fiducial markings must be free from scratches or other defects, coverslips must be properly placed, and the cover slip media dry, slides must be clean and free of fingerprints, dust, debris and bubbles. The slide must be appropriately labelled and the label applied smoothly without overhang. Slides with dense bacterial vaginosis infection cannot be imaged. 17 In their Imaging System clinical trial, Biscotti et al. 3 showed an 'imaging not successful' rate of 7.1%. The low rate in this study reflects the care taken in the cover slipping and labelling process. Those slides that were not readable by the Imager were manually screened and excluded from the study.
The abnormality pick-up rate was 7.3% for TPI-assisted screening and 7.8% for manual screening. Among the abnormalities detected in both arms, if the diagnostic categories with only single cases were excluded, the concordance in diagnosis ranged from 72.73% to 99.97% with an overall concordance rate of 99.03%.
In all bar one case, panel review showed that abnormal cells were marked by the TPIS; the discordance in the arms of the study was a result of screener interpretation. The reviewers noted that single, small cells seen in high grade abnormalities were marked by the Imager, thus drawing the screeners' attention to these cells which may be hard to locate. This category yielded the lowest concordance rates between TPI and manual screening, with TPI screening showing a higher sensitivity for high grade lesions. This has been the finding in other studies. 1, [5] [6] [7] 9, 18 The one case in which the Imager failed to detect an abnormality was where manual screening identified a single group of degenerate glandular cells, which was reported as abnormal glandular cells. This was subsequently demonstrated by histology to have come from an adenocarcinoma. It is likely that the cells were not detected by the Imager because of their degenerate nature; however, no meaningful conclusions can be drawn from this one case in regard to the accuracy of Imagerassisted screening in detecting abnormal glandular cells. In a study of 39 cases identified as atypical glandular cells (AGC) or adenocarcinoma by manual screening, Imager assisted screening had failed to detect seven of these. 19 However, of the seven cases, only one was demonstrated to be adenocarcinoma. In four of the remaining six cases in which follow-up was available, two had subsequent normal readings, one had a hysterectomy which showed benign changes and one had a further result of AGC with no additional information. Two other studies have demonstrated that the Imager is effective in detecting abnormal glandular cells. 20, 21 The cytology results were not compared with the corresponding histological diagnosis because histological assessment is subject to similar observer variables to cytological analysis, the histology samples are often taken at a time distant from the smear sample, and there are possible sampling differences between the histological and cytological specimens, leading to apparently discordant reports. Furthermore, the study was primarily intended to be a comparison of manual screening against TPI-assisted cytology screening from the perspective of the screener, in particular how TPI-assisted screening affects the screener's ability to detect and assess cytological abnormalities.
Our overall concordance rates are higher than in other studies. This may be due to the collective experience of a large group of experienced screeners in the laboratory. At the time of the study, there were 31 screeners who averaged 10-30 years in screening experience, with collective experience being one of the largest world-wide in screening ThinPrep liquidbased samples, of over 10 years since 1997.
The productivity using TPI-assisted screening increased from 50 LBC samples a day by manual screening to up to 140 a day with an average of 120 a day, while maintaining other activities in a screener's normal day. This represents a productivity increase of 140%. This does not take into account a proportion of full rescreens that are required if an abnormality is encountered which is performed by a second screener.
The NCSP requires a comment on the presence or absence of endocervical cells as a guide to smear takers. The adequacy category S2 which signals the absence of endocervical cells is more frequent in TPI-assisted screening, as these cells, if normal, would not be marked by the Imager. In these cases, the screener may perform a quick search for endocervical cells outside the FOV in order to comment on this.
The rate of unsatisfactory smears is halved from 1.68% to 0.82% by Imager-assisted screening. We consider this to be due to the Imager's ability to identify potentially abnormal cells even in material of limited cellularity.
The study lends further support to the increasing number of studies available that TPI-assisted cervical cancer screening is equivalent to manual screening, in many cases, with lower unsatisfactory smear rates, and higher detection of both low grade and high grade abnormalities. 1, [4] [5] [6] [7] 9, 18, 22 These conclusions contrast with the MAVARIC study that concluded that Imager-assisted screening is less sensitive with an inconsequential increase in specificity compared to manual screening. 23 TPI-assisted screening can be safely and successfully adapted for screening in the New Zealand setting, following the guidelines of the NCSP OP&QS. In this setting, with manual screening, a slide with an abnormality is assessed by four people before the report is issued or two if it is normal.
The introduction of an initial screen by the TPI removes the requirement for a rapid rescreen, but a second, senior screener should perform a full screen following the detection of an abnormality.
Our study has shown that the successful identification of abnormalities lies in the combined resources of the Imager and screener. Automation with the TPIS introduces a standardised and consistent first step in the screening for cervical abnormalities, but screener vigilance and expertise play a critical and integral role in the correct interpretation of cell abnormalities thus identified.
